Abstract. Students often use available help facilities in an unproductive fashion. To improve students' help-seeking behavior we built the Help Tutora domain-independent agent that can be added as an adjunct to Cognitive Tutors. Rather than making help-seeking decisions for the students, the Help Tutor teaches better help-seeking skills by tracing students actions on a (meta)cognitive help-seeking model and giving students appropriate feedback. In a classroom evaluation the Help Tutor captured help-seeking errors that were associated with poorer learning and with poorer declarative and procedural knowledge of help seeking. Also, students performed less help-seeking errors while working with the Help Tutor. However, we did not find evidence that they learned the intended help-seeking skills, or learned the domain knowledge better. A new version of the tutor that includes a self-assessment component and explicit help-seeking instruction, complementary to the metacognitive feedback, is now being evaluated.
Introduction
Not only that teaching metacognition holds the promise of improving current learning of the domain of interest, but also, or even mainly, it can promote future learning and successful regulation of independent learning. However, considerable evidence shows that metacognitive skills are in need of better support. For example, while working with Intelligent Tutoring Systems (ITS), students try to game the system [6] or do not self-explain enough [1] .
Recently, several researchers have explicitly incorporated metacognitive support into ITS. Conati et al. [8] and Aleven et al. [1] scaffold self-explanation; Baker et al. reduce harmful gaming [6] ; Bull et al. [7] and Zapata-Rivera et al. [17] encourage reflection using open learner models; and Gama offers a metacognitive suite in the form of scaffolding self-evaluation, planning and reflection [10] . While many of these components indeed improve learning, they do not focus directly on improving the subset of metacognitive skills that relates to help-seeking. Also, as far as we know, so far there was no evaluation of transfer of metacognitive skills from ITS to other learning environments.
Help seeking behavior
In this paper we focus on supporting metacognitive skills that regulate help-seeking behavior. The need for effective help-seeking strategies is apparent in many aspects of learning, formal or otherwise. The ability to seek help efficiently has been shown to contribute to learning [5; 12] , and was correlated with better learning while working with ITS [16] .
However, students' help-seeking behavior is often faulty (for an overview, see [4] ). Students have a tendency both to overuse and under-use help: they avoid using help when they need it, but when they do seek help, they typically ask for more than is actually required [2] .
In the current work we try to improve general help-seeking skills by building the Help Tutor, a domain-independent plug-in agent that can supplement a tutoring system such as a Cognitive Tutor. In this paper we describe a classroom evaluation study we conducted with the Help Tutor, having the dual goals of (a) assessing its effectiveness with respect to improving students' help-seeking behavior, skills and their learning of domain-specific skills and knowledge, and (2) learning about the requirements for and characteristics of a successful metacognitive tutoring system.
The Cognitive Tutor
The Geometry Cognitive Tutor (see Figure 1) is part of the Cognitive Tutors curriculum, a family of ITS commonly used in high schools around the United States [11] . The main window of the tutor is the Scenario window, which presents the problem and includes the main interaction with the student (on the left). The tutor scaffolds the solution process for the student by outlining the steps that are required to reach the final answer.
In the upper-righthand corner students can see an estimation student's knowledgelevel on the target set of cognitive skills using a Bayesian knowledge-tracing algorithm [9] .
The Geometry Cognitive Tutor has two main help-seeking mechanisms: ondemand contextual hints, and a glossary. The on-demand contextual hints provide multiple levels of information that students can browse. The first level is typically very general, intended to remind the student of their current goal. Intermediate hints are increasingly more specific. The last (or "bottom-out") hint is very close to the answer. An example of an intermediate-level hint is shown in figure 1 . The second help resource is the Glossary, which resembles a searchable information source (such as the internet, or a dictionary). The Glossary contains all relevant definitions and theorems. However, searching it and applying its content require some available cognitive capacity and ability to transfer the general information to the problem, much like using many real-life information sources.
The Help Tutor
When designing the Help Tutor, we chose to leave all help-seeking related decisions to the students. While insisting on help or preventing it can be beneficial for learning specific domain knowledge in the short-term, it will likely not improve students' ability to deal with situations of uncertainty or knowledge gaps in the future. Thus, the goal of the Help Tutor is to teach students to be better help-seekers by offering advice, and not by limiting students to only a certain behavior [3] .
Similar to the Cognitive Tutor itself, the Help Tutor supports learning-by-doing, i.e., it teaches help-seeking skills by letting students practice them and then giving appropriate feedback. The Help Tutor is a plug-in agent that is added to an existing Cognitive Tutor, and the student interacts with it during the normal course of interaction with the Cognitive Tutor. In the Help Tutor, students' actions are traced using a metacognitive help-seeking model, in addition to the existing domain-level cognitive model [2] . When a student performs a help-seeking error she receives immediate and tailored feedback, in the form of a help-seeking error message.
The Help Tutor is comprised of two conceptual components -detection and intervention [3] .
Detection:
The help-seeking model, which is used to trace the student's behavior, determines what the preferred action is at each moment, so the assistance-level the student gets should fit her zone of proximal development [15] . The model often allows for more than one correct action. For example, a student working on a step for which she is estimated to have a high skill level is expected either to attempt the step with no help or to search the glossary, while the same student, on a step for which she has a low estimated skill level, is expected to ask for an elaborated hint.
The model is implemented using eighty production rules. It marks deviations from the set of recommended actions as help-seeking errors, which can be categorized in five families:
-Help abuse -the use of hints or Glossary in an inappropriate manner (for example, by 'drilling down' hints quickly to the bottom-out hint). -Try-step avoidance -the use of hints when the student seems sufficiently skilled to solve the step on her own. -Try-step abuse -trying to solve in an inappropriate manner (e.g., by guessing repeatedly) -Help-avoidance -trying to solve a step when the student should have asked for help (e.g., after making multiple errors on that step). -General errors -other errors (e.g., the student exhausted all hints and performed high number of errors, and is still trying instead of consulting with the teacher). An earlier version of the model was shown to be somewhat domain independent, when compared against two different Cognitive Tutors [13] . However, while it correlated with learning, it produced a much-too-high error rate -of all students' actions, 64% in one dataset and 73% in the other were classified as errors. In order to be effective, the current model should reduce the help-seeking error rate drastically, while maintaining its correlation with learning.
Intervention:
The other component of the Help Tutor is the help-seeking error messages, which include only domain-independent metacognitive content for several reasons: to encourage students to focus more on the metacognitive feedback (and not be distracted by the cognitive one), to help students generalize the help-seeking skills, and to make the Help Tutor reusable with different Cognitive Tutors.
The help-seeking messages follow few principles: -Emphasizing the usefulness of effective help seeking behavior (e.g., "it could be that another hint will do the trick for you.") -Reinforcing correct use of the tools (e.g., "no need to hurry so much. Take your time and read the hint carefully.") -Being positive and informal (e.g., "could be a good time to give it a try.") In order to avoid repetitiveness in the messages displayed to students, each error can elicit several different instances of the same message. The Help Tutor messages use the existing hint-window mechanism, and are distinguished from regular hints in their font (color and type) and timing (proactive vs. reactive).
Evaluation

Experimental design
We evaluated the Help Tutor with 60 students from four classrooms in two high schools in the Pittsburgh area -one urban and one suburban. The students worked with the tutor for six periods. Within each school, the participating classes were taught by the same teacher, and all students were accustomed to the Cognitive Tutor, as they use it regularly in their Geometry classes. Students worked with the tutors twice a week. During the other three weekdays students had classroom lectures with their Geometry teachers, which focused on different topics. Due to scheduling considerations at one of the schools, only students in one school completed pre-and post-tests before and after the study (30 students). For the other school we have only the log-files of the students while interacting with the tutors.
Assessment design
In order to evaluate the Help Tutor appropriately, we defined three objectives for the Help Tutor in this study, each of which depends on the previous one.
-Capture poor help-seeking actions: The Help Tutor should identify faulty behaviors, while not interrupting the student's workflow too frequently. Also, the model's conclusions should preferably be generalizable across learning environments. -Help students improve their help-seeking behavior: assuming that the Help Tutor successfully captures help-seeking errors, the intervention should eliminate, or reduce, these errors. -Improve learning: The Help Tutor should improve learning. Fewer help-seeking errors should translate to better performance on the posttest. Overall, students should learn the domain knowledge better, as well as become better help-seekers. In order to assess how well the Help Tutor met these objectives, we included multiple assessments: -Students' help-seeking behavior in the tutor was assessed using log files analysis.
-Procedural help-seeking knowledge was assessed also outside the tutor's environment, using a paper test with embedded help-seeking resources. Each problem included three types of hints, counterbalanced between test forms: a problem statement only (No Hint), a problem statement with an open and free hint (Open Hint), and a problem statement with a hint covered by a sticker (Covered Hint). Students were told that removing the sticker costs 10% of their score on that specific item (see figure 2 ). -Students' declarative help-seeking k n o w l e d g e w a s assessed using questionnaire items. Students were asked five multiple-choice questions, which described situations to which the students were supposed to r e s p o n d , e . g . : 
Results
Overall students performed 59,034 actions with the tutor during the study, an average of approximately 1,000 actions, or 350 steps, per student. A typical tutor problem consists of 6-10 steps.
Although there was a significant improvement in scores from pre-to post-test, it was rather small: on average, students improved from 36% on the pretest to 41% on the posttest (F(2,28)=6.4, p=0.015). Also the log-files from the interaction with the tutor reveal rather little learning. On average, students mastered only 6 of all 49 skills that were practiced during that period.
As seen in figure 3 , students scored significantly better on test items with embedded hints, compared to the No-Hint condition (t(29)=2.1, p=0.04). Students revealed hints on 24% of the Covered Hints problems. (table 1) . Higher frequency of help-seeking errors was negatively correlated with posttest scores (controlling for pretest scores). This is a significant improvement from the old model, which as noted befrore, captured about 70% of the actions and yielded similar correlation with learning. Students' help-seeking performance as assessed by the Help Tutor also correlated with both declarative and procedural help-seeking knowledge outside the tutor environment. Scoring high on test items with embedded hints (controlling for score on items with no hints) was correlated to performing better help-seeking actions while working with the Help Tutor (r=0.5, F(2,27)=10, p<0.01). In other words, the same students who had better help-seeking skills while working with the tutor (according to the Help Tutor) also had b e t t e r h e l p -s e e k i n g procedural knowledge, as measured by comparing their scores on paper-test items with hints to those with no hints ( figure 3) .
Also, students who made fewer help-seeking errors in the tutor scored significantly higher on the help-seeking multiple choice declarative knowledge questionnaire (78% vs. 59%, t(28)=2.2, p=0.04), showing that they were aware of the correct use of help.
Objective 2: Helping students improve their help-seeking behavior. In order to be effective, the Help Tutor feedback should reduce the rate of help-seeking errors students make. This objective was only partially met: on the face of it, the difference in help-seeking error rate between the Help and Control groups is not significant: 16% vs. 19% (F(2,57)=2.5, p=0.12). However, when examining students' help-seeking errors more closely, we find that the Help Tutor had a different effect on different actions: When asking for hints, students working with the Help Tutor made significantly fewer help-seeking errors (see Table ) . However, errors can also be made when trying, for example, when students try too fast, or avoid needed help. There was no improvement in the rate of such errors while working with the help-tutor. Perhaps the low rate of errors related to try-step does not leave much room for improvement on these errors (Controlling for school, the interaction between condition and action is significant (F(3,54) =21.0, p<0.0001)).
When looking at the context of the actions, the Help Tutor was effective only after a hint (F(3,53)=7.0, p=0.02).
These analyses show that the Help Tutor influenced students' behavior mainly during or following hint requests, and not as much on other actions. This can be best viewed when looking at the depth of hints students are viewing: The overall number of steps on which students asked to see hints was indifferent to the Help Tutor (14% for the Help group vs. 17% for the control group, not significant). However, the ratio Objective 3: improve learning. Besides improving the help-seeking behavior, the Help Tutor should promote learning in both dimensions: learning of the domain knowledge, and learning of the help-seeking skills. While we observed overall learning from pre-to post-test, we were not able to identify any effect of the Help Tutor on learning (t(28)=0.1, p=0.95). Both groups improved from 36% on pretest to 41% on posttest.
While the error-rate on actions involving hints was lower for the Help group, we did not see any evidence for metacognitive learning with time -that is the helpseeking error rate was lower in the Help group throughout the study and did not have a significant learning effect. This finding suggests that rather than learning the helpseeking skills, students only followed suggestions. To evaluate this we looked at the frequency with which the Help Tutor's recommendations were followed. In this analysis we looked at the subset of actions that were performed after the Help Tutor displayed a message advising the student to act differently. We compared the actions of the Help group students to those of the Control group students in similar situations (i.e., situations in which the Help Tutor, if was used by this group of students, would have recommended them to act differently). The Help group students followed the Help Tutor recommendation when it advised them to ask for a hint (t(44)=2.5, p=0.02), but did not follow Try-Step recommendations any more than they would have done anyhow (as evaluated by the Control group).
There was also no improvement of help-seeking declarative knowledge. The differences between groups were not significant, and changes from pre-to post-test were not significant either: the Help group changed from 60% to 64% (t(16)=0.7, p=0.5); the Control group changed from 64% to 73%. (t(12)=1, p=0.3).
Discussion
The Help Tutor was successful in improving behavior -it captures hint usage errors, which are correlated with poorer learning, and reduces their rate significantly. Even more encouraging is the environment-independent nature of the tutor -the erroneous behavior the Help Tutor captures in the Cognitive Tutor environment is negatively correlated to successful hint-usage in the paper-and-pencil test and to declarative help-seeking knowledge. However, the Help Tutor did not yet achieve its broader goal, i.e., improving all help-seeking related actions, including faulty try-steps attempts, helping the students learn transferable help-seeking skills, and improving learning.
It appears that the Help Tutor achieved positive effects mainly because students followed its advice, and not because they assimilated the help-seeking principles. One possible explanation is the timing of the Help-Tutor messages. We did not expect students to be attentive after a successful completion of a step at the domain level, so the Help Tutor does not interfere in these instances. As a result, the Help Tutor interfered when students may have been consumed with problem solving, and thus were less likely to give the messages sufficient attention. The student might have used the Help-Tutor messages in the local scope in which they were given, to assist them in the domain level and did not internalize the rule or principle governing the specific situation. Hence, the student did not learn to evaluate her own needs and to regulate her learning. More reflective feedback at the end of the problem-solving process or before starting to solve might have been helpful.
Conclusions and future work
In this line of research we built a model of desired help-seeking behavior and used it to create the Help Tutor, which provides students with feedback on their help-seeking behavior in addition to any other feedback that the tutor provides. The results of the study show that the Help Tutor successfully captured help-seeking errors that were negatively correlated with learning, and furthermore, were correlated to differences in help usage in a paper and pencil test. Students who worked with the Help Tutor reduced their errors in using hints, as compared to students who used the regular tutor, but did not reduce their errors in faulty solution attempts, and did not learn better help-seeking techniques over time. We hypothesize that this might be due to inadequate preparation prior to working on the problems and a lack of a reflective process after the domain-problems were solved.
We have re-designed the Help Tutor based on the findings from this study. First, conceptual instruction on help-seeking is provided to students by the teacher using a short video in advance. The instruction focuses on successful help-seeking principles, and adopting positive dispositions towards help seeking. We have also incorporated self-assessment into the Help Tutor, which encourages students to reflect upon their needs for assistance [14] . In addition, we have attempted to improve the model by allowing it to catch more Try-Step errors. One last change is the scope of the study. To emphasize the domain-independent nature of help-seeking behavior, the current evaluation stretches across two different units of the Geometry Cognitive Tutor class.
